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ABOUT THE PROOF OF UROCANIC ACID IN CALLUS AND IN
NORMAL HUMAN HORNY LAYER*
EBERHARD SCHWARZ, M.D. AND HANS W. SPIER, M.D.
Urocanic acid (UCA) was first demonstrated
in human sweat (1), later on in aqneous ex-
tracts of superficial (2) and deep human horny
layer ("barrier" (3)) and in the whole epider-
mis of guinea pigs (4). The epidermal nature of
UCA in guinea pig epidermis, normally exempt
from sweat glands, was proven by its existence
after X-ray-induced atrophy of sebaeeous
glands (5). The known origin of UCA from
histidine could also be demonstrated in mam-
malian epidermis by radio-carbon tracers (6).
The identity of water soluble ultraviolet-ab-
sorbing constituent of normal human horny
layer with UCA was confirmed by means of
several quite different analyses: as there were
characteristic ultraviolet spectra at pH 1 and
pH 13 (1, 2), their loss after hydrogenation
depending on a transformation to imidazolyl
propionie acid (1), ionophoretie mobility (1, 2),
Rf-values by paper chromatography in three
different solvents (1, 2), coupling reactions
with diazosulfanilie acid (Pauly's reagent) (1,
2), and with dianisidine (2), further coloring
with eosine-Hg (2), and finally, growing pale
after spraying with KMnO4 (2).
The earlier assumed existence of the eis isomer
of UCA in aqueous extracts of scraped normal
stratum corneum was confirmed (7, 5). There
was identical behavior with UCA eis gained
from commercial sample by ultraviolet radia-
tion (9) with regard to ionophoretie mobility
at pH 2.5—10.0, to titrimetrie findings and to
speetrometrie data (5). Furthermore, after
catalytic hydrogenation, a mixture of both the
isomers exhibited a melting point at 108.5°C,
which corresponded well with the one of imida-
zolyl propionie acid at 109°C recorded in
Beilstein (8).
The molar absorption coefficient of commer-
cial UCA, usually representing the trans isomer
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with a molecular weight of 174.16 with the
formula C,H0N2O2• 2H2O, is about 26600 at
Amax = 268 mjs in 0.1 N HC1 (10). For the cis
isomer without crystal water, however, these
data are somewhat different (8). During the
rise of horny cells from the barrier, in which
UCA cis is thought to be prevalent (3), up to
the skin surface, a transformation to the more
stable UCA trans is believed to occur. Exposure
to sun apparently causes a re-transformation as
does experimental ultraviolet radiation, since
in aqueous glove eluates of forearms gained in
summer, up to 60% of the ultraviolet absorp-
tion at 267 ms is to account for UCA eis, while
at another time only 3—25% was found (8).
In aqueous extracts of callus, a distinct ul-
traviolet-absorbing substance was seen aside
from xanthine and hypoxanthine (11). Although
later investigations (12, 13) revealed a simi-
larity to UCA, however, the following differ-
ences were noted:
a) a shifting of the ultraviolet absorption
maximum at pH 10,
b) different Rf-values by paper chromatog-
raphy in 2 solvents, and
e) after acid hydrolysis equahzing of the Rf-
values, but nevertheless a lack of conformity
of the ultraviolet spectra.
Thus the authors (12, 13) doubted the
identification of their "unknown compound"
with UCA, and considered the possibility of the
presence of a derivative such as riboside. Con-
versely, our own ehromatographie studies of
triehloraeetic acid extracts of guinea pig epi-
dermis suggested that this mean might be re-
sponsible for the different results toward UCA
only. Therefore we attempted to ascertain the
identity of the substance in question with UCA
and the effect of triehloraeetie acid (TCA)
in altering the above mentioned findings.
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MATERIALS AND METHODS
Water soluble substances (WSS) of normal
human horny layer were pooled from the hands and
lower arms of 10—15 skin-healthy persons. First
the surface lipids were removed by two baths
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each for 2 minutes in a mixture of acetone and
petroleum ether (10:1). Thereafter the extraction
was performed with the aid of long rubber gloves
containing about 150 ml of distilled water. After
ultrafiltration the extracts were concentrated to
1—2% WSS over silica gel.
Callus (2—3 gr fresh weight of pooled material)
was defatted by refiuxing with ethylether in a
soxhlet apparatus for 24 hours and thereafter
extracted with 40—50 ml of distilled water under
continuous stirring for the same time. Deproteini-
zation and concentration were performed as de-
scribed for WSS.
Purified callus substance (PCS) was obtained
by separating the ultraviolet-absorbing Pauly-
positive compound of callus extracts on Dowex
50 (see below).
lJrocanic acid standard (UCA) was accom-
plished by ultraviolet radiation of a commercial
sample5 according to Eldbacher and Heitz (9),
thereafter it consisted of botb the isomers.
TCA-complexcs were induced by adding equal
volumes of TCA (5%) to WSS (WSS-TCA), or to
callus or PCS (callus-TCA or PCS-TCA), or to
UCA-standard (UCA-TCA), respectively. The
mixtures were then evaporated several times
under diminished pressure and subsequently re-
dissolved. The excess acid was removed by re-
peated shaking with ethylether.
Paper chromatography was performed on sheets
of Schleicher & Schuell 2043 Mgl. The following
solvents were employed at room temperature:
Solvent A = n-butanol, glacial acetic acid,
water (4:1:1), descending
Solvent B = n-butanol, water (86:14), de-
scending
Solvent C = isopropanol, 2 N HC1 (65:35),
ascending
Solvent D = as solvent B, but 100 ml of NH3
(5%) on the bottom of the tank, descending
in passage for 40 hours.
After drying the chromatograms in a stream
of warm air the ultraviolet-absorbing spots were
marked, using filtered light of a low pressure-Hg-
lamp Schott UG 5 filter 2 mm. For rcchromatog-
raphy or for measuring the ultraviolet spectra
the spots were excised and extracted with hot
distilled water or with 0.1 N HCI, respectively.
Several chromatograms were sprayed with diazo-
sulfanilic acid for detecting Pauly-positive spots.
The Rf-valucs were determined in the usual man-
ner, in passagc-chromatograms as relative ones
with regard to UCA trans = 1.0.
Column chromatography was accomplished ac-
cording to Crampton et al. (14) on Dowex 50 X 8,
—400 mesh, 1 X 70 cm, gradient-development at
* Manufacturer: Dr. Th. Schuchardt CmbH&
Co., Munich, Germany.
44°C: 500 ml of 02 M ammonium formatc pH 4
in the mixing chamber, 1.0 M buffer in the reser-
voir, flow rate 17 ml/hr, automatic measurement
of the optical density at 254 mjz (Uvicord, LKB),
collection of fractions to 8 ml (RadiRac, LKB).
Desalting procedures of the combined ultraviolet-
absorbing samples were carried out on shorter
columns filled with Dowex 50 in the H form,
1 X 20 cm. After washing out the columns with
distilled water the ultraviolet-absorbing com-
pounds were eluatcd with N NH3 and evaporated
to dryness.
The ultraviolet spectra were measured with a
Zeiss spectrophotometer PMQ II in quartz cells,
1 cm light pass.
RESULTS
Using solvent A the chromatograms of aque-
ous extracts both of normal human horny layer
and of callus showed one ultraviolet-absorbing
Pauly-positive spot with identical Rf as UCA
only. Obviously this solvent did not separate
the cis-trans isomers, as could be seen for the
UCA-standard (Table I). On the other hand
solvent B yielded two spots with Hf as UCA cis
or trans, respectively, in either case (Table I).
In both solvents the Hf-values of the singular
spots exhibited by the TCA-treated materials
(WSS-TCA, callus-TCA and UCA-TCA) agreed
with one another, but by no means did they
agree with those of the above mentioned TCA-
untreated materials. No different Rf-valucs,
however, were observed using solvent C as well
for TCA-treatcd materials (callus-TCA and
UCA-TCA) as for untreated UCA (Table I).
Approximately the same chromatographic data
were recorded by Hodgson (Table II). Con-
versely, in every case, even if TCA-treated
materials were used, solvent D allowed the
separation of two ultraviolet-absorbing spots
with RI aorresponding to UCA cis or trans,
respectively. Spots isolated from the latter ehro-
matograms showed a spectra, closely similar to
the isomers of UCA, in so far as relating sub-
stances were compared, i.e. "a" with UCA eis or
"b" with UCA trans (Fig. 1—3) and Table III.
Our spectrometrie data were in good agreement
with those of other investigators (8). Yet there
was an exception with callus-TCA "a" (Table
III, No. 9).
After acid hydrolysis of the above substances
according to Hodgson (13), their absorption
maxima were largely comparable to the former,
with only the small differences of Amax between
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TABLE I
The Rfvalues* of urocanic acid (UC4) or its isomers (cis, trans) and related compounds from aqueous
extracts of stratum corneum (WSS or WSS "a", "b") and of purified callus substance (PUS or PUS "a",
"b") and the same ones after interaction with trichioracetic acid (UCA-TC4, WSS-TC4 or PCS-TGA)
Solvents for paper
chromatography
WSS
"a" "b"
0.53
WSS-
TCA
0.7
PCS
"a" "b"
0.52
PCS-
TCA
0.67
UCA
cis trans
0.53
0.53
0.49
UCA-
TCA
0.65
Solvent A n-butanol:acetic acid:water
(4:1:1)
Solvent B = n-butanol:water (86:14) 0.29 0.34 0.54
0.21 0.4 0.56
0.6
0.29 0.34
0.21 0.4
0.3 0.55
Solvent C = isopropanol: 2 N HC1 (65:35) 0.61 0.59 0.59
* The Rf-values are exactly comparable in the same chromatogram only (= horizontal line).
the cis and trans isomers or their correspondents
"a" and "b" being equalized in favor of the
trans isomers. An exception again could be
found for callus-TCA "a" only, this time in acid
as well as in alkaline environment (Table III,
No.21).
DISCUSSION
The chromatographic and spectrometric data
of the ultraviolet-absorbing Pauly-positive com-
pounds from pooled callus agreed well with those
from normal human horny layer, which had al-
ready been identified as the cis-trans isomers of
UCA (2). Consequently a mutual identity can be
assumed. Furthermore the study demonstrated
the presence of TCA as a source of error for these
investigations
TABLE II
Rf-values of the "unknown substances" from
aqueous extracts of normal human horny layer
and of callus recorded by Hodgson (13)
Solvents for Paper Chromatography "UnknownSubstances"
0.65—0.68
0.47—0.49
Urocanic
Acid
0.47—0.52
0.27—0.32
Solvent I = n-butanol:acetic
acid: water (100:22:50)
Solvent II n-butanol:water
(86:14)
Solvent III = isopropanol
cone. HCI:water (170:41:
39)
0.58-0.59 0.58-0.59
wavelength
Fie. 1. Ultraviolet spectra of urocanic acid iso-
mers at pHi (in 0.1 N HCI) cis (1), trans (3) and
at pH 13 (in 0.1 N NaOH) cis (2), trans (4) re-
spectively; absorption maxima are marked by
arrows.
1) Using neutral or acidic solvents containing
n-butanol, there was a remarkable tendency to
greater Rf-values of the compounds under con-
sideration toward TJCA or its isomers, respec-
tively. It can be assumed that a salt formation
between UCA and TCA was responsible for
these changes.
2) Solvents in paper chromatography, which
are usually able to separate the cis-trans isomers
of UCA, failed to do so after they had inter-
acted with TCA (Table I, solvent B). An cx-
E
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Fic. 2. Ultraviolet spectra of WSS-doubles at pH
1 (in 0.1 N HC1) "a" (1), "b" (3) and at pH 13(in 0.1 N NaOH) "a" (2), "b" (4) respectively;
absorption maxima are marked by arrows.
E
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0,6
0,5
a'
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Ow
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FIG. 3. Ultraviolet spectra of callus-doubles at
pH 1 (in 0.1 N HC1) "a" (1), "b" (3) and at pH
13 (in 0.1 N NaOH) "a" (2), "b" (4) respectively;
absorption maxima are marked by arrows.
ception was solvent D containing NH0. In this
case, presumably the ammonium ions displaced
UCA from its trichioracetic salts.
3) Changes of spectral characteristics caused
by TCA were found for the ultraviolet-absorb-
ing compound in callus only (Table III, Nos. 9
and 21), which without TCA-contact, corre-
sponded closely to UCA cis (Table III, Nos. 5
and 17). The reason for the altered spectra of
this compound, observed even after acid hy-
drolysis, otherwise solely transforming cis to
trans isomers, is not clear. But it should be
noticed that the shiftings of maxima, established
TABLE 111
Ultraviolet maxima of the chromatographically
isolated isomers of urocanic acid (UCA cis, trails)
and of the related compounds from aqueous ex-
tracts of human normal horny layer (WSS "a",
"b") and of purified callus substance (PCS "a",
"b") and of the latter ones after interaction with
trichioracetic acid (WSS-TCA "a", "b" and
PCS-TCA "a", "b"). In the lower part the ana-
logical findings after acidic hydrolysis.
No. Substances max 0.1N HCI
x max 0.1
N NaOH
1
2
3
4
5
6
7
8
9
10
11
12
UCA cis
UCA trans
WSS "a"
WSS "b"
PCS "a"
PCS "b"
WSS-TCA "a"
WSS-TCA "b"
PCS-TCA "a"
PCS-TCA "b"
UCA cis (cited to (8)
UCA trans (cited to
(8)
269/270
268
269/270
268
269/270
268
270
268
269/270
268
270
268
280/281
286
280/281
285/286
282
286
281/282
285/286
276/277
285
282
286
After acidic hydrolysis in 6 N HCI for 3 hours
at 100°C
13
14
15
16
17
18
19
20
21
22
UCA cis
UCA trans
WSS "a"
WSS "b"
PCS "a"
PCS "b"
WSS-TCA "a"
WSS-TCA "b"
PCS-TCA "a"
PCS-TCA "b"
267
267
267
267
267
267
267
267
265
267
284
285
284
284
284/285
286
281
283
273
285
Substances x max pH 1
UCA
"unknown substances"
"unknown substances" after
acid hydrolysis
266
268
260/262
281
285
285
by Hodgeon (Table IV) and us, were not com-
parable. It therefore seems that the differences in
either chosen pH are of little importance.
E
0.8
0,7
0,6
0,5
0,4
0.3
0.2
0.1
o
-
0,2
TABLE IV
Ultraviolet maxima of the urocanic acid and of
the "unknown substances" before and after
acid hydrolysis recorded by Hodyson (13)
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It may be possible that the products of
condensation reactions between sugars and
amino acids, so-called Maillard-Amadori com-
pounds, play a role in shifting the spectra. Their
presence in our extracts could be established,
since many of fluorescent spots, known as by-
products of these reactions (15), were seen in
paper chromatograms, chiefly in those of callus
extracts. In this case one could suppose that
TCA might be just a trigger enhancing the
above-mentioned reactions. However, it is not
fruitful to pursue the details of the kind of in-
fluence of TCA on the chromatographic and
spectral behavior of UCA extracted from callus
or from other cornified material of the epidermis,
because means other than TCA can be used for
deproteinization or extraction in order to avoid
the pitfalls mentioned.
SUMMARY
In accord with earlier findings for normal hu-
man stratum corneum, the identity of a water-
soluble ultraviolet-absorbing compound with
urocanic acid, occurring usually as cis and trans
isomer, could be demonstrated for callus, and
was confirmed by paper chromatography and
spcctrometric analyses. Furthermore, there was
demonstrated the interfering influence of tn-
chloracetic acid on those characteristics of uro-
canic acid which were obviously responsible for
the objections of other investigators to the iden-
tification of UCA with the compounds in
question.
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